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Invention Disclosure: 

A Technique for Choosing Multiple Print Frames to Improve Array Yield 

by 

Svctlaua Shchegrova, Bill Fisher, and Peter Webb 

Background 

In ihc biomedical field, the ability to test an unknown sample material against many different 
known solutions at one time is very important. The known solutions arc generally arranged in some 
specified format on a substrate surface with the collective group of solutions called an array. Each 
array may contain many thousands of different solutions. The arrays are built up in a sequential 
manner by depositing a subset of the known solutions at a time using some form of thermal or 
piezoelectric inkjet technology. The different solutions are held in reservoirs of the deposition 
head. Redundancy is built into the deposition head by having multiple nozzles available to fire a 
solution from for each reservoir. To maintain the proper spacing of the solutions in the array and 
minimise the repositioning of the deposition head for each pass across the array, the same nozzle 
location in each reservoir is used to fire the solutions. This grouping of using the same nozzle from 
each reservoir is called a frame. A typical setup for fabricating arrays is shown in the following 
diagram. 
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The advantage for having multiple nozzles to fire a solution from is if one of the nozzles 
malfunctions there are other nozzles available to take its place. The ability to deposit the solution 
would be lost if only one nozzle were available and U failed to function properly. An example of 
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how multiple nozzles would be used when there is a nozzle failure is shown in the following 



diagram. 
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After the first pass of the deposition head across the array, it is determined that one of the nozzles 
within the chosen frame did not fire. A different nozzle is then used to fire ihe missing drop of 
solution on a second pass across the array by repositioning the deposition head (or substrate) so 
that the drop is placed at the correct location in the array. This is referred to as multipass printing. 
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Problem 

il is important to realize that the ability to do multipass printing and take advantage of having 
multiple nozzles per reservoir relies on the fact that nozzle misfires can be delected in the first 
place. If there is no way to detect how well the solution drops are being deposited on the substrate 
surface, there is no feedback mechanism for picking another nozzle which makes multipass 
printing impossible. The modes of nozzle failure are not just if the drop was fired or not, but also 
include how well the drop was fired. In other words, there is the standard "hard 11 failure where ihere 
is an electrical or mechanical problem with a nozzle and it will never work again. And, there is the 
"soft" failure where for some reason for a particular load of solution the nozzle doesn't fire the 
correct amount of solution, or the solution breaks up into multiple smaller drops, or the location of 
the solution is outside the desired position tolerance, 13ut, for a subsequent load of solution the 
same nozzle may work just fine. Unfortunately, it is difficult to know bow the nozzles will behave 
for each load of solutions. Once a frame of n022lcs is chosen for depositing solutions within an 
array, sofi nozzle failures arc not correctable and result in having to scrai^ ihc array. Also, the only 
way to tell how well the nozzles are performing is after the solutions have been deposited on the 
array which is too late for most cases. 

Solution 

Our approach is to lest all the nozzle firings before any solutions are deposited on the arrays. We 
use a line scan camera to follow behind the deposition head and view the solution drops 
immediately after they land on the substrate surface. This way both hard and soft failures can be 
detected and corrected before any arrays are made. If a nozzle is exhibiting a soft failure mode the 
nozzle is disabled and effectively turned off from further firing for that load of solution. Since the 
nozzles arc grouped by frames, each frame is fired sequentially across a part of the substrate not 
used for making arrays. The different frame firings across the substrate is called a test print. 
Multiple test prints can be performed to gather data on each nozzle to determine firing reliability. 
A sample test print of four nozzle frames on a substrate surface from an image of the line scan 
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camera is shown in the following diagram where ihe deposition head has twelve rows by five 
columns of solution reservoirs. 
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For each frame the same sixty different solutions are being deposited on the substrate surface. As 
can be seen in the above figure, each adjacent frame of nozzle fires is shifted by one nozzle for each 
reservoir. For the test print shown in the figure above, no one frame of nozzles is able to fire all the 
different solutions. There are nozzles that didn't fire any solution and some that didn't fire enough 
solution. Frame 3 has only one nozzle malfunction which for the same solution reservoir has 
working nozzles in frames 1 and 2. Thus, the appropriate nozzle in either frames 1 or 2 can be used 
to till in the missing solution spot in frame 3. The advantage of being able to view the firing of all 
of the nozzles in each reservoir allows us to apply different criteria for selecting which frames to 
use to maximize the array yield and also minimize the number of passes of the deposition head 
across the array. 



PAGE 3203 1 RCVD AT 3/25/20M 2:04:48 PM [Eastern Standard Time] 1 SVR:USPTO£FXRF-1/25 < DNIS:2738300 * CSID:6M 327 3231 * DURATION (mm-ss):0M2 



